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0HPEHU VWDWHV RI WKH (XURSHDQ 8QLRQ DUH ILQGLQJ VROXWLRQV IRU WKH DFFRPSOLVKLQJ UHFRPPHQGDWLRQV RI WKH
5HQHZDEOH (QHUJ\'LUHFWLYH >@0D[LPDO XVH RI ORFDO UHQHZDEOHV FRPSDUHG WR XVH RI LPSRUWHG IRVVLO IXHO LV D
FUXFLDOSRLQWQRWRQO\IRUFOLPDWHFKDQJHVPLWLJDWLRQEXWDOVRIRUWKHHQHUJ\LQGHSHQGHQFHRIWKH(XURSHDQ8QLRQ
WDNLQJLQWRDFFRXQWWKDWWKHVKDUHRILPSRUWHGIRVVLOUHVRXUFHVLVFRQVLGHUDEO\ODUJHLQWKHVHFRXQWULHV$QDO\VLVRI
WKH LQVWDOOHG&+3SODQWV LVQHFHVVDU\ WR ILJXUHRXW WKHDGYDQWDJHVDQGGLVDGYDQWDJHVRIELRPDVVXVH(QHUJ\DQG
H[HUJ\DQDO\VLVRIDZRRGEDVHG&+3SODQWLQ/DWYLDLVSUHVHQWHGLQ>@7KHSUHVHQWSXEOLFDWLRQHODERUDWHGLQWHUPV
RIPHWKRGRORJ\RIHQHUJ\DQGH[HUJ\DQDO\VLVFRPSDUHGWR>@
7KH ILUVW DQG WKHPRVWZLGHVSUHDGPHWKRG IRU HQHUJ\ WUDQVIRUPDWLRQ HIILFLHQF\ HYDOXDWLRQ LV HQHUJ\ DQDO\VLV
&RPELQHG DVVHVVPHQW PHWKRGV LQFOXGLQJ H[HUJ\ H[HUJ\ GHVWUXFWLRQ DQG HQWURS\ JHQHUDWLRQ FRQFHSWV DUH DOVR
JHWWLQJDSSURYHG>@7KHDLPRIWKHSUHVHQWVWXG\LVWRGHYHORSDXVHIXOPHWKRGIRUSODQWHIILFLHQF\HYDOXDWLRQ
XVLQJDPDWKHPDWLFDOPRGHOZKLFKVLPXODWHVHQHUJ\DQGH[HUJ\IORZVRIWKHSODQW
([HUJ\ LV GHILQHG DV WKH PD[LPDO XVHIXO ZRUN REWDLQHG IURP D V\VWHP ZKLOH WKH V\VWHP LQWHUDFWV ZLWK
HQYLURQPHQW>@1RZDGD\VHQHUJ\DQGH[HUJ\DQDO\VHVDUHGRQHIRUSRZHUSODQWV>@DQGDOOWKHDYDLODEOHHQHUJ\










5HDO LQLWLDOGDWD IURP WKH&+3SODQWZHUHREWDLQHG IRU WKH UHVHDUFK:KHUH LWZDVQRWSRVVLEOHEXWGDWDZHUH
FRPPRQIRUDOOLQVWDOODWLRQVRIWKLVW\SHDVVXPSWLRQVZHUHPDGHHJIRUJHDUDQGJHQHUDWRUHIILFLHQF\(QHUJ\DQG
H[HUJ\ DQDO\VHV EDVHG RQ FDOFXODWLRQV ZHUH SHUIRUPHG WDNLQJ LQWR FRQVLGHUDWLRQ WKH WHFKQRORJLFDO VFKHPH DQG
VHTXHQFHRIWKHV\VWHPIDFLOLWLHV,QIDFWWKHFRQVHFXWLYHFDOFXODWLRQVLQFRPSOLDQFHZLWKWKHWHFKQRORJLFDOVFKHPH
UHSUHVHQWDPRGHOZKLFKDOORZVWRHYDOXDWHWKHHIILFLHQF\RIHYHU\VWDJHRIWKHSODQW7KHPRGHOLVVXLWDEOHIRUWKH
DQDO\VHG&+3SODQWDQGPD\EHXVHG LQ LWV IXUWKHURSHUDWLRQ IRUHIILFLHQF\DVVHVVPHQW)RUFODULW\RI WKH UHVXOWV
6DQNH\DQG*UDVVPDQQGLDJUDPVDUHREWDLQHGIRUERWKHQHUJ\DQGH[HUJ\
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2.1. CHP plant description 
7KHDQDO\VHGSODQWLVDFRQYHQWLRQDOELRPDVVFRJHQHUDWLRQSODQWZLWKWZR'+KHDWH[FKDQJHUVLQVWDOOHGDIWHUWKH
VWHDP WXUELQH 7KH VFKHPH RI WKH SODQW LQFOXGHV WKH IOXLGL]HG EHG ERLOHU DQG IOXH JDV WUHDWPHQW V\VWHP VWHDP
WXUELQH ZDWHU SUHWUHDWPHQW V\VWHP KHDW H[FKDQJHUV FRQWDFWLQJZLWK WKH'+ZDWHU FLUFXLW DQG FRROLQJ V\VWHP
ZKLFK LV XVHGZKHQ FRQVXPHUV GR QRW QHHG D SDUW RI WKH KHDW SURGXFHG )XHO LV EXUQHG LQ WKH VWHDP ERLOHU DQG
VXSHUKHDWHGVWHDPLVREWDLQHGZKLFKLVWKHQVXSSOLHGWRWKHVWHDPWXUELQH:RRGFKLSVDQGPLOOHGSHDWDUHXVHGDV
IXHO DQG QDWXUDO JDV LV XVHG IRU WKH LJQLWLRQ EXUQHUV ,W LV SRVVLEOH WR FRILUH ZRRGFKLSV DQG PLOOHG SHDW
VLPXOWDQHRXVO\
2.2. Initial data 
7KHLQLWLDOSDUDPHWHUVIRUHQHUJ\DQGH[HUJ\DQDO\VLVDUHVKRZQLQ7DEOH
6WHDPDIWHU WKH WXUELQH LVGLYLGHG LQWRIORZVZLWKKLJKHUSUHVVXUHDQGZLWK ORZHU)LJDQG
6WHDPH[SDQGVLQWKHWXUELQHDQGSDUWRILWVNLQHWLFHQHUJ\WUDQVIRUPVLQWRKHDWHQHUJ\WKHUHIRUHVWHDPKDVKLJKHU
HQWKDOS\ DQG HQWURS\ YDOXHV DIWHU WKH WXUELQH FRPSDUHG WR WKH WKHRUHWLFDO DGLDEDWLF SURFHVV 7KH FRHIILFLHQW RI
SHUIRUPDQFHRIWXUELQHLVXVHGWRREWDLQWKHFRUUHVSRQGLQJYDOXH
7DEOH,QLWLDOSDUDPHWHUVIRUHQHUJ\DQGH[HUJ\DQDO\VLV
3DUDPHWHU 9DOXH 8QLW  3DUDPHWHU 9DOXH 8QLW
%RLOHUFDSDFLW\ N  0:  6WHDPWXUELQHFDSDFLW\ LST  0:
'LVWULFWKHDWLQJFDSDFLW\ QDH  0:  6WHDPWHPSHUDWXUH t1  &
'LVWULFWKHDWLQJZDWHUIORZYHORFLW\ V  PK  6WHDPSUHVVXUH p1  EDU
'LVWULFWKHDWLQJWHPSHUDWXUHVXSSO\ ts  &  6WHDPIORZ mst  NJVHF




















(TXLSPHQW )LUVWODZHIILFLHQF\ 6HFRQGODZHIILFLHQF\ ,UUHYHUVLELOLW\
%RLOHU   0:
7XUELQH   0:
'+KHDWH[FKDQJHUV   0:














FRPSDUHGZLWK WKH H[HUJ\ GHVWUXFWLRQ )LJ VKRZV WKH ODUJHVW H[HUJ\ GHVWUXFWLRQ RFFXUULQJ LQ WKH ERLOHUZKLFK
UHVXOWVDV0:RURIWKHLQSXWIXHOH[HUJ\
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7HPSHUDWXUHRIFRPEXVWLRQSURGXFWVREWDLQHGLQWKHIXUQDFHLVKLJKHUWKDQ&7KLVKHDWLVXVHGIRUVWHDP
JHQHUDWLRQZLWKSUHVVXUHS EDUDQGWHPSHUDWXUHW &VRIXHOH[HUJ\HOLPLQDWHVWRVWHDPH[HUJ\YDOXH
7KH VHFRQG ODUJHVW H[HUJ\GHVWUXFWLRQ LV REVHUYHG LQ WKH'+KHDW H[FKDQJHUVZKLFK FDQEH H[SODLQHGE\ WKH
GHFUHDVHRIWKHKHDWSRWHQWLDOWHPSHUDWXUHEHIRUH'+KHDWH[FKDQJHUVLV&DIWHULV&
&RQFOXVLRQ







REVHUYHG LQ WKH'+KHDWH[FKDQJHUV7KH LQGLFDWHGIDFLOLWLHVDUH WKHILUVW IRUZKLFK WKHSRVVLELOLWLHVRIGHFUHDVLQJ
H[HUJ\ORVVHVVKRXOGEHH[SORUHG
([HUJ\ HIILFLHQF\ RI WKH SODQW LV LQIOXHQFHG E\ SRZHU WR KHDW UDWLR Į DQG SRWHQWLDO RI WKH SURGXFHG KHDW
WHPSHUDWXUH ,QFUHDVHG KHDW ORDG RU GHFUHDVHG WHPSHUDWXUH RI KHDW GHOLYHUHG WR FRQVXPHU GHFUHDVH WKH H[HUJ\
HIILFLHQF\RIWKHSODQW
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